The Intensive Care environment is intrinsically noisy, with noise emanating from a multitude of sources, and as a result patients commonly experience sleep disturbance. The main causal factor of sleep disturbance has been cited as being environmental noise, in particular noise generated by staff and clinical monitoring which are amendable to behavior modification.
Background
The Intensive Care (ICU) environment subjects patients to a cacophony of sounds and fails to provide an environment which is conducive to sleep. Sleep disturbance is prevalent amongst ICU patients who spend 30-40% 1 of their sleep time awake, and have abnormal sleep architecture which is characterized by diminished Slow Wave Sleep (SWS) and Rapid Eye Movement (REM) sleep. 2, 3 Sleep deprivation and fragmentation contributes to a panoply of psychophysiological effects which protract recovery, and these include: decreased respiratory muscle function 4 , altered responsiveness to carbon dioxide levels 5 , immune dysfunction 6 , delayed wound healing, impaired cognitive function, emotional distress and impacts on functional status. 7 Sleep disturbance within the ICU population is a multifactorial problem attributed to intrinsic and extrinsic factors such as illness, inflammatory response, ICU environment, provision of clinical care, and pharmacological therapies. However noise is the most commonly cited cause of sleep disturbance, with noise generated by staff and equipment frequently identified as the main causal factors. 8, 9 Noise can be defined as an unwanted sound which can be physiologically and psychologically stressful. Sound is measured via a logarithmic scale expressed as decibels (dB), and a 10dB increase in sound levels is perceived by the human ear as a doubling of noise levels. 10 The A-weighted decibel scale is commonly used to monitor environmental noise, as it attenuates the sounds heard via the human ear. Recommendations made by the Word Health Organization (WHO) regarding nocturnal noise levels within the hospital environment stipulate sound levels should be less than 30 dB(A). 11 However, ICUs worldwide frequently have mean noise levels between 50-60 dB(A), and peak noise levels in excess of 80 dB(A). 12 Polysomnographic studies conducted in ICU identified noise as a source of arousal, with noise levels between 40-45 dB(A) resulting in a 10-20% probability of awakening, and noise sources over 50 dB(A) contributing to electroencephalographic changes indicating arousal in 25% of cases. 13, 14 Noise levels within ICU have been consistently identified in both subjective and objective studies as a primary source of sleep disturbance. 2, 3, 13 Patients commonly report symptoms consistent with dyssomnia such as frequent awakenings, difficulty falling asleep and poor sleep quality 15 , with 16 to 61% of patients attributing noise as a significant factor that disturbed sleep. 17 In response to these findings it was evident that noise levels could be reduced by addressing the primary sources of environmental noise, via modifying staff behavior within the clinical environment.. The implementation of behavior modification strategies has been previously reported as being effective in reducing noise levels between 6 to 20% [18] [19] [20] , through implementing education programs regarding sleep and sleep deprivation, introducing noise monitoring equipment which promotes self-regulation of behavior and, public promotion of sleep and noise reduction projects within the clinical unit. These studies have revealed an improvement in sleep, with a qualitative and quantitative reduction in noise levels, and change in workplace culture.
Aim and objectives
Recognition of sleep disturbance within the ICU cohort has led to the development of numerous sleep promoting interventions. The aim of this evidence implementation project was to make a contribution to promoting evidence based practice in Intensive Care, and improve patient sleep through implementing a behavior modification program to reduce nocturnal noise levels by 10% within the ICU at Canberra
Hospital (Australian Capital Territory).
The objectives of this project are to:
1. Increase awareness of the impact of sleep deprivation on patient outcomes.
2. Assess current levels of compliance with best practice recommendations using a baseline audit and an audit tool developed by the JBI.
3. To undertake a follow up audit, assess the extent and nature of increased compliance with evidence based practice and, identify areas and strategies to sustain behavioral changes that endeavor to reduce nocturnal noise.
Methods
The project was conducted in a 31 bed, open planned tertiary referral Intensive Care Unit. The ICU provides combined High Dependency and Intensive Care services to both adults and pediatric patient populations.
The project employed a pre and post audit process governed by Joanna Briggs Institute (JBI) program:
Practical Application of Clinical Evidence System (PACES), and Getting Research into Practice (GRiP) audit and change promotion tool. This framework involves three primary phases:
1. Establishing a team for the project and undertaking a baseline audit based on criteria informed by the evidence.
2. Reflection on the results of the baseline audit and design and implementation of strategies to address non-compliance found in the baseline audit which is informed by the JBI GRiP framework.
3. A follow up audit aimed at assessing outcomes of the interventions implemented to improve practice, and identifying future practice issues to be addressed in subsequent audits. 21 
1.
Noise levels in intensive care adhere to the World Health Organisation recommendations.
2.
Patient's sleep activity is documented.
3.
Healthcare professionals in ICU have received education about the importance of nocturnal sleep including consequences of sleep disturbance.
4.
Healthcare professional in ICU have received education on noise reduction strategies.
5.
Healthcare professionals in ICU have received education in the implementation of multifaceted noise reduction strategies.
6.
Healthcare professionals in ICU have received education on behaviour modification programs.
7.
Staffs involved in the care of critically ill patients in ICU have received education as to how their own talking in the ICU affects sleep disturbance.
To evaluate compliance to criteria 1 nocturnal noise levels were recorded at 5 second epochs using
Extech sound level meters (Model STD DEVL 600, frequency range 31.5Hz -8 KHz) which met ANSI and IEC standards. Data was logged at a fast response time to permit capture of peak noises within a decibel range of 30-180dB and noises that occur rapidly. The A weighted filter was used to record decibel levels as it attenuates the curve that describes loudness frequency for the human ear. These were positioned behind the head of patient beds in order to reflect the experience of patients, whilst minimising their impedance on the ability to deliver clinical care. All logged data was saved via a STD DEV 2GB memory card in a spreadsheet format. Data was then analysed using Excel to determine mean dB(A) levels.
In order to evaluate criterion 2; Patient's sleep activity is documented, clinical documentation of patient care was reviewed, and was deemed to have been met by the criteria when there was reference to the patients quality of sleep in the nursing or medical documentation. The remaining criteria (3-7) were evaluated via conducting face to face interviews with staff, requiring staff to respond with either a yes or a no to each of the respective audit criteria.
Phase 2: Implementation of strategies to improve practice (GRiP)
The results of the baseline audit were critically reviewed, where less than 75% compliance was achieved.
GRiP Strategies
The GRiP model was employed by the research team to help identify areas that needed to be addressed and to develop strategies to improve knowledge and performance. It was identified that there was 0% compliance with the World Health Organization recommendations for nocturnal noise levels, which occurred for a myriad of reasons such as organizational culture and clinical design.
Situational analysis was undertaken to analyze the potential deficiencies and barriers that prohibited staff from undertaking activities that aimed at reducing nocturnal noise levels. The audit revealed a lack of knowledge regarding sleep, sleep disturbance, and awareness of strategies to reduce noise.
Contact was made with external health care services regarding strategies that were successfully implemented elsewhere.
Identified strategies to improve knowledge
Following the initial audit, the team reviewed the performance against the evidence-based criteria and strategies were devised to improve knowledge. These included the following:
1. Development of an education program to enhance knowledge and awareness of sleep disturbance, how it affects patient recovery, noise within the unit and strategies that could be implemented which were aimed at sleep promotion and noise reduction.
2. A poster was designed to highlight awareness of the need for sleep amongst the ICU patient population.
3. Implementation of self-moderating noise level devices known as "Yaker Trackers."
4. Review of workflow practices such as early morning hygiene, chest radiological rounds and pathology sampling.
5. Implementation of nursing based documentation of patient sleep, to complement documentation associated with sedation scales.
6. Development of a further audit chart for ongoing monitoring of behaviors that adversely affect sleep.
A total of three nursing based education in-services were conducted, along with a presentation to the ICU Quality and Safety meeting. The data obtained from the initial audit and the noise levels recorded were presented in a constructive manner, identifying areas where practice could be enhanced.
Interactive discussions were encouraged at all meetings and in-service programs so as to promote staff self-awareness of clinical practice and behaviors, and to encourage a collegial approach to behavior modification which was mutually agreeable within the team.
Strategies to improve knowledge and reduce nocturnal noise levels were implemented over a three month period: January 2014 -March 2014.
Phase 3: Post implementation audit
In March 2014, data for the post implementation audit was collected replicating the same methodology and same sample size as the pre-implementation audit.
Ethical Considerations
Approval for this project was granted by the Institutions Human Research Ethics Committee.
Responding to the audit criteria was deemed to be consent to participation. Figure 1 depicts the results of the pre-implementation audit. All of the audit criteria results were found to have less than 50% compliance, indicating poor compliance with the current evidence. There were seven out of 75 reviewed clinical documentations that reported patient sleep; however, the reported notations were generally broad and non-specific such as, "patient slept well overnight" and "patient 
Results

Phase 1: Baseline audit
Phase 2: Strategies for Getting Research into Practice (GRIP)
The results of the initial audit were presented and discussed by the project team members using the JBI GRiP framework and barriers were identified in relation to best practice. Strategies were then identified to overcome the barriers, of which some were implemented. The results of GRiP are shown in Table 2 .
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Strategies were presented that had been previously found in the literature to be successful in reducing nocturnal noise levels which were deemed to be non-punitive and aimed at self-moderation of own behaviors. The primary challenges encountered centered on the feasibility of strategies as two predominant strategies were contingent on external funding to support the purchase of resources. Additional promotional materials such as posters were designed to enhance awareness of the need for patient rest and reducing noise. However, due to the time constraints placed on the project, these had not been implemented prior to the second audit. In addition, independent self-moderation devices: "yaker-trackers" also proposed to be implemented as a means to make staff aware of escalating noise levels in order to overcome the Lombard effect were pending. The Lombard effect is produced by individuals' response to increase their speech amplitude in order to improve speech intelligibility when ambient noise levels increase. The acquisition of the "yaker-tracker" devices was contingent on the success of a Quality and Safety Funding application, which was pending prior to the re-audit process. criteria by 8% to 10%. Despite achieving small measurable increases in compliance the project reaffirms previous findings within the unit that environmental noise levels remain elevated. 17 Over the past three decades there has been a plethora of literature published regarding sleep disturbance amongst critical care patients and the effects it has on patient quality of sleep. However the issue remains essentially unchanged. Previous literature has identified that a lack of knowledge regarding sleep is an area that needs addressing. 22 Clinical education was provided to staff in a number of forums with content addressing sleep physiology, impact of sleep disturbance and practice change recommendations derived from previously published studies. Although the findings indicate an 8% improvement in clinician's knowledge regarding sleep disturbance, a 10% increase in awareness of noise reduction strategies and 9% increase in knowledge regarding implementing noise reduction strategies, these did not necessarily translate to changes in practice being adopted. This may be due to a resistance to change, a lack of time for adopted change to be reflected in the quantitative measure of noise levels, and a lack of clinicians to reinforce behaviors on the targeted clinical shifts.
Noise levels post the implementation phase were found to be higher than those at the pre-audit phase, which may in part suggest that staff did not apply strategies to reduce nocturnal noise levels to conducted within a neonatal and pediatric unit was able to successfully reduce noise via providing education to staff regarding noise abatement. Given that the majority of noise within the ICU environment is behavior related, this suggests that the inability to reduce the noise levels in the ICU is related to a lack of compliance and adoption of strategies aimed at reducing the impact of noise on patients. Appreciatively, the ICU environment is highly variable and unpredictable which contributes to patient disruption and escalation of noise levels which produces a Lombard effect. However, small reductions in noise levels can have a considerable impact on the clinical environment due to dB(A) being a logarithmic scale; as a sound level of 10dB(A) lower is perceived as half as loud.
Clinical documentation regarding patient sleep activity was inadequate, with the majority of documentation making generalized statements regarding sleep. Regular observational assessment of patient sleep was not an adopted intervention within the clinical area. Frequently, issues regarding sleep disturbance are raised when secondary problems related to poor sleep such as circadian rhythm disturbance, confusion and delusions have become evident. Previous research has reported that nursing based objective assessment of sleep is inaccurate, with staff overestimating patients total sleep time. 25 None the less, the information obtained would provide some important clinical information regarding patients whose sleep is overtly fragmented, particularly when there are little alternative and feasible sleep monitoring strategies that can be readily implemented. Although there are acknowledged limitations of behavioral assessment of sleep, it is an adjunct assessment of the sedation monitoring guidelines recommended by the Society of Critical Care Medicine, 26 and can be easily integrated and complement already existing standard ICU monitoring.
Due to a limited timeframe in which to undertake the implementation audit, this did not provide sufficient time for the uptake of noise reduction strategies, which was further compounded by the large efflux and influx of staff prior to the second audit. This demonstrates the need for ongoing promotion of the project's central ethos of promoting sleep for critically ill patients and providing a diurnally appropriate clinical environment. In addition, criteria 1 of the evidence based recommendations has been widely reported as been unattainable for ICUs worldwide, suggesting that noise level recommendations need to be made that are ICU specific, with acknowledgement of the technologically evolved and dependent environment. Additional audits of the clinical environment will be continued to be undertaken to monitor the impact of further implemented noise reduction strategies as a part of a quality improvement project.
Conclusion
This evidence based project highlighted the complexities faced within the ICU environment in regards to promoting sleep, reducing noise levels and implementing behavior modification. Although the audit process indicated that there was an increase in staff knowledge and awareness of the impact of sleep disturbance and noise related factors, this did not translate into a measurable change in noise levels within the unit.
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